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By Roy Steiner
SUMMARY

Alrspeed and altitude data for nonscheduled cargo operations
obtained from & Douglas DC—4 airplane flying between Seattls, Washington
and Alaska during Februsry and March of 1947 have been snsalyzed to
determine the probability of reachlng or exceeding given valuss of alr—
speed and Mach number. The analysis Indicated that, for data obtalned
during these flights, the total probabllity of exceeding a placard
never—exceed speed of 266 miles per hour depends principally on the
probability of exceeding thls speed in descent. An extrapolation of the
probability curve indlcates that, on the average, this selected placard
speed may be exceeded on the order of once In every 100 hours of descent
or on the order of once in every 1000 hours of flight tims.

INTRODGCTION

Concern has been expressed in the past gbout the possibllity of
inadvertently attaelning excessive alrspeeds and Mach numbers on large
aerodynamically clesn tramsport alrplanes. Accordingly, data have been
collected on one type of alrplane and the resulits published in refer—
ences 1 to 3, inclusive.

Subsequent to the publishing of the reference reports, time
histories of alrspeed and altlitude have become available on a
Douglas DC-4 airplane in commerciel nonscheduled cargo operatlions on the
Seattle—Anchorage—Falrbanks route. These data have been analyzed
statistically to determine the probabllity of reaching or exceeding
given values of airspeed and Mach number during different flight
conditions.
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APPARATUS AND TEST CONDITIONS
A cargo—type DC—4 alrplane was used in the present investigation.
The characteristlcs of the alrplane as flown are:

Gross welght at take—off, pounds . « ¢« ¢ v ¢ ¢ o ¢« =« « « « « « « 73,000
Wing area, 8quare £t « « o ¢ o s o o o o o« o o o o« s s o « « 1,460

Wing loadlng at take—off, pounds per square foot . . . . . . . . 50
Span, feet ¢« o« o o ¢ ¢ ¢ ¢ o o o o ¢ s o e e e 6 o e e e s e o o 11T7.5
Mean aerodynamic chord, feet . « « « « . . o e . . . . . 13.6
Maximm indicated airspeed in level flight miles per hour e« . 222.0
Placard never—exceed speed, miles per hour . . « + « « + « . . « 266.0

The DC-4 airplane is placarded .et 250 to 300 miles per hour
for V,, with the maximum permissible values within this range

depending upon the welight conditlions of the alrplane at a given time.
It might be noted that the placarded never—exceed speeds are, by CAA
requirement, spproximately 90 percent of those speeds to which the air—
plane 1s actually flight tested for certification. Since the prob—
ability of equaling or exceeding 7V, 15 teken, hereln, as a measure
of the possibility of an alrplane to inadvertently attaln excessive
airspeeds, it 1s desirable to determine a more exact value for V..
Past experlence with this type of analysis has Indlicated that the
descent 18 the critical flight condition. A placard never—exceed
speed of 266 miles per hour was obtained from the operations manual of
the DC-4 airplane and is based on the approximate weight condition of
the airplane at the time of landing. This value of alrspeed should
therefore be the spproximate value of the plecard never—exceed speed
during the most critical conditions. The welight condlition used was an
alrplane weight of 62,000 pounds which includes 4000 pounds of wing
fuel weight. The maximm permissible speed in level flight would be
222 miles per hour under this weight condition.

The instruments installed in the airplasne, which were used in the
determination of airspeed and Mach number, were:

(1) NACA airspeed—altlitude recorder
(2) NACA synchronous timer (l-min interval)
The plitot-static lines of the alrspeed-altitude recorder were connected

to the corresponding lines on the copllotts instrument panel and the
film speed was adJusted to 1.3 inches per minute.
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A total of 57.6 hours of records were avallable for analysis. The
flighte were nonscheduled cargo operations during February and
March 1947 and were made both day and night at altitudes of 9,000 to
10,000 feet although flight was occasionally conducted at altitudss up
to 14,000 feet to avold icing. The route flown was Seattle—Anchorage—
Fairbanks end return. (See fig. 1.}

‘The general informaticn on the weather conditions supplied by an
observer on the flights 1lndicated that about 40 percent of the flight
time was on Instruments In stratus—type clouds. Icing conditions were
frequently encountered, especlally in the vicinity of fronts which
extended across the route.

EVALUATION OF DATA ARD RESULTS

For convenience in the statistlcal anelysis, each flight was
divided into three parts — clinb, level £light, and descent. For each
condition, the maximm sirspeed and Mach number were determined during
each 6 minutes of flight. All values of alrspeed are the computed
equivalent airspeed without a correctlon for installation error. The
maximum Mach number 1ln each Interval was obtalned by selecting, wlthin
each interval, alrspeed—saltltude combinations which would lead to the
larger values of Mach number and then selecting the lasrgest Mach number
computed from these combinations. The frequency dlstributions of
maximum airspeed and maximum Mach number for each of the three flight
condltions are shown In tables I and II, respectively. The data for
one descent were omitted since the observer's notes showed that the
landing gear was down and flaps were used. These data would, therefore,
belong to & different dlstribution than the data obtalned when landing
gear and flaps were not used.

Standard statlstical methods were employed to fit Pearson type III
probability curves (reference L4), on the assurmption that they were a
reasonable representation of the data, to each of the frequency distri—
butions in tables I end ITI. Within approprilate limits, these prob—
8bllity curves, which are given Iin flgures 2 and 3, glve the probability
that the airspeed or Mach number in any 6-minute interval of clinb,
level flight, or descent willl attaln or exceed a glven value.

For ease in Interpreting the results, probsbllity curves have been
roferred to a tilme scale in the followlng menner. If P i1s the prob—
abllity that a given value of alrspeed or Mach number will be exceeded,
on the average, once in a 6-minute interval, then that value wlll be
exceeded, on the average, once in each 1/P interval, or ance in each
1/10P hours of flight. Using this conversion factor, the average number
of hours of Flight to exceed glven values of alrspeed snd Mach number
have been determined and the results are shown in figures 4 and 5,
respectively.
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PRECISION

The major errors in the values of alrspeed and Mach number may be
attributed to the inaccuracy in reading the records, the installation
error, and the instrument error. The values of alrspeed used were the
values' of computed equlivalent alrspeed without & correction for the
installation error and 1t 1s estimated that the combined errors in the
values of alrspeed and Mach number presented will not exceed 2 percent.

Past experience with this type of data has, in general, indicated
that extrapolated estimates of the frequency of exceeding given values
can be considered rellable within a magnitude, that is, once in 10,
100, 1000, . . « hours, provided that the extrapolation is not
excessive. In the case of the descent curve, the extrapolation of the
curve over &n airspeed range of 10 to 20 miles per hour and two cycles
on the probability scale is not felt to be an excesslve extrapolation.
The value of the miles to exceed a never—exceed speed of 266 miles per
hour is felt, therefore, to be reliable within the magnltude quoted.
For the climb and level—flight data, the extrapolation required to
reach a placard speed of 266 miles per hour is considerably greater,
covering some 50-mile range of airspeed and 4 to 6 cycles on the prob—
gbility scale. For these two flight conditions, the reliabllity of the
estimated freguency of exceeding placard speed would of necessity be

low,.

DISCUSSION

An examination of figure 2 and past analyses (references 1 to 3)
indicates that the descent condition 1s the only flight condition of
concern in investigating the probability of alrplanes reaching or
exceeding the placard never—exceed speed. An extrapolation of the
probability curve for the descent condition Indicates that the prob—
ability of exceeding a selected never—exceed speed of 266 miles per
hour in a 6—minute intervel in descent is 1.8 x 10~3. The transformed
descent probebility curve in figure 4 indicates that this 1s equivalent
to stating that the never—exceed speed apparently will be exceeded onuce
in 55 hours of descent. Since the descent time was approximately 7 per—
cent of the total flight time an estimation of the total flight time
to exceed & never—exceed speed of 266 miles per hour msy be determined
by dividing 55 hours by the percent of the time spent In descent. In
this menner, the total flight time to exceed a never—exceed speed of
266 miles per hour is found to be some 860 hours, on the average, or of
the order of 1000 hours.
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As previously mentioned, the placard never—exceed speed of
266 miles per hour was selected from & permissible range of 250 and
300 miles per hour where the exact placerd speed depends upon the
weight condition at a given time. There remains the possibility,
therefore, that the pllot may have been flying the alrplane with a
placard never—exceed speed greater than 266 mlles per hour. It has
been noted, through contacts with the alrlines, that although the air—
plane may be flown with a varisble speed when the appropriate weights
and chart are used, the alrlines have a tendency to placard the air-
plane at or near the lower ailrspeed. The flight observer noted, for
the flights analyzed, that the Vg for the airplane was approximately

220 miles per hour. The corresponding placard never—exceed would be
266 miles per hour. It appears that although there is a possibility
that the pilot regarded a higher airspeed as the placard speed, 1t 1s
more likely that an alrspeed of 266 mlles per hour 1s more nearly the
one used 1n these flights.

It may be noted In figure 2 that none of the experimental points
on the descent curve actually exceeded the selected never—exceed speed.
The question of the valldlty of extrapolation of the data to or beyond
the never—exceed speed therefore naturally arises. Of course, & prob—
ability analysis such as has been made here provides a mathematical
basis for such extrapolation, but the extrapoletion will be valld only
1f the laws governing the date combline to follow the mathemstical
function throughout the range of extrspolation. In the present
instance there may be some possibility that the laws governing the data
willl change beyond the present limits of the data because of the never—
exceed speed placard, which warns the pilot to take eppropriate action
to avoid high speeds. However, lt seems reascnabls to suppose that
speed increments above those wvalues regulred for reasonable operation
under ideal conditions are the result of lnadvertencies or unusual
operational demands. The exlstence of such lnadvertencies under
practical flying conditions removes complete control of the alrspeed
from the will of the pllot, and 1t follows, therefore, that the data
Tor descent will follow a substantially continuous Fumction even
through the placard speed. It is reasonsble, therefore, to accept at
face value the extrapolated values of probaebility for descerit through
the placard speed to some unknown point beyond that speed. Accordingly,
it is reasonable to say that the data show that, on the average, the
placard speed may or will be reached or excesded a glven number of
times, or that this speed may or will be reached or exceeded once 1n a
glven number of hours of flying.

A comparison of the results of the data contained hereln and the
results given in references 1 to 3 shows a similarity between the
curves and the values of the probability or the flight hours to exceed
a never—exceed speed. This comparison is made on the assumption that
a placard never—exceed speed of 266 miles per hour for the DC—4 alrplene
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is spproximately the correct placard speed for the descent condiition.
B8ince the data 1n references 1 to 3 were obtained on Lockheed Constella—
tion airplanes and these data on a Douglas DC~4 airplane, it appears
that the speed tendencles are relatively independent of an airplane
type and may be due to the high performance qualities of modern trans—
port airplanes. The Constellation alrplanes were flown on scheduled
passenger flights while the DC-4 was flown on nonscheduled cargo
flights. It might be expected that the nonscheduled cargo operations
would be less conservative than the scheduled flights but this may be
counterbalanced by thke absence of the need for maintaining fixed
schedules and restricted flight plans.

A value for the critical Mach number was not known. The curves
pertalning to the Mach numbers are, therefore, given as general
information.

CONCLUDING REMARKS

The analysis of airspeed and altitude data obtained at 9,000 to
10,000 feet altitude on a Douglas DC- alrplane operated between
Seattle, Washington and Alaska during February and March of 1947 has
indicated that the probebility of reaching or exceeding & never—exceed
speed in descent 1s apparently the only condition of importance. 4n
extrapolation of the probabllity curve Indicates thet a selected never—
exceed speed of 266 miles per hour will probably be exceeded, on the
average, once in the order of 100 hours of descent or once in the order
of 1000 hours of total flying time. These results are similar in
magnitude to the results obtalned on & Lockhsed Constellation ajrplane.

Langley Aeronautical Lahoratory
Natlonal Advisory Committee for Aeronautics
Langley Alr Force Base, Va.
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FREQUENCY DISTRIBUTIONS OF MAXIMUM AIRSPEEDS FOR VARIOUS

FLIGHT CONDITIONS

Frequency

Equivalent

eirspeed

(mph) Climb Tevel flight Descent
150 - 155 1 2

155 - 160 3 1

160 - 165 8

165 - 170 1 1

170 - 175 1 2 1
175 - 180 4 12 1
180 - 185 1 22

185 - 190 5 Wy 2
190 - 195 1 102 2
195 - 200 4 122

200 - 205 1 83 5
205 - 210 73 y
210 - 215 1 31 5
215 - 220 9 3
220 - 225 5 3
225 - 230 1
230 - 235 2 5
235 - 240 1
240 - 245 1
245 - 250

250 - 255 2
255 - 260

Totals 31 511 36

A
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TABLE IT

FREQUENCY DISTRIBUTIONS OF MAXTMUM MACH NUMBERS FOR VARIOUS

FLIGHT CONDITIONS

Fredquency
Mach number
Climb Level flight Descent
0.20 - 0.21
21 - .22 1
.22 - .23 y
.23 - .24 5
24 - .25 L
.25 - .26 3 2 1
26 - .27 3
27 - .28 2 3 1
.28 - .29 2 Q 1
.29 - .30 3 17 3
.30 - .31 2 70 2
.31 - .32 2 113 L
.32 - .33 2 .109 8
¢33 - .34 1 107 5
3% - .35 58 3
«35 = .36 . 14 3
.36 - .37 8
.37 - .38 1 1
.38 - .39 1
.39 - .40
4o - W
Totals 31 511 36

D T e E—
~REA
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Figure l.— Route of operations.
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